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ABSTRACT
M u ltip le  b a rs  a re  found n e a r  most exposed sh o re s  of Chesapeake 
Bay. W ell-developed  system s c o n ta in  f iv e  to  te n  b a rs  w hich a re  p a r a l l e l  
to  th e  b each . The p re s e n t work was i n i t i a t e d  in  an a tte m p t to  e v a lu a te  
th e  Bay-wide d i s t r i b u t i o n  o f th e se  b a rs  and to  p o s tu la te  a  mode o f 
fo rm a tio n .
The d i s t r i b u t i o n  o f b a rs  around th e  Bay was de term ined  w ith  
a e r i a l  p h o to g rap h s . Ten geom orphlc p a ram ete rs  w ere s c a le d  from  th e  
pho tographs and n a v ig a t io n  c h a r t s .  These v a r ia b le s  were e n te re d  in  a 
s tep w ise  l i n e a r  r e g re s s io n  a n a ly s i s ;  p r e d ic to r  e q u a tio n s  d e s c r ib in g  th e  
o ccu rren ce  and s iz e  o f th e  b a r  system s w ere d ev e lo p ed . R e su lts  of th e  
r e g r e s s io n  a n a ly s is  su g g e s t t h a t  g e n t ly  s lo p in g  n e a rsh o re  bottom s and a 
minimum f e tc h  o f ap p ro x im a te ly  10 m ile s  a re  n e c e s sa ry  f o r  b a r  fo rm a tio n .
The b a rs  a t  Stove P o in t n e a r  D e l t a v i l l e ,  V irg in ia ,  were s tu d ie d  
w ith  f lu o r e s c e n t  sed im en t t r a c e r s  and p r o f i l i n g  te c h n iq u e s . H ydrographic 
d a ta  w ere o b ta in e d  s im u lta n e o u s ly  w ith  th e  t r a c e r  r e s u l t s .  The s tu d y  
p e rio d  in c lu d ed  a sev e re  NE s to rm . D ata in d ic a te  t h a t  wave a c t io n  ten d s  
t o  c o n c e n tra te  sed im ent a t  th e  b a r  c r e s t s .
The fo llo w in g  r e s u l t s  su p p o rt a  b re a k -p o in t th e o ry  o f o r ig i n :  
o ccu rren ce  o f b a rs  on exposed sh o re s  w ith  a  minimum f e tc h  o f 10 m ile s ;  
in c re a se  o f b a r  am p litu d e  in  th e  b re a k e r  zone d u rin g  a s to rm  p e r io d ;  th e  
c o n c e n tra t io n  o f sand on b a r  c r e s t s  by wave a c t io n ;  b a r  o r i e n t a t i o n  
r e f l e c t s  dom inant d i r e c t io n s  o f  wave ap p ro ach ; and sed im ent s iz e  
d i s t r i b u t i o n  a c ro s s  th e  b a rs  (c o a rse  in  tro u g h s  -  f in e  on c r e s t s )  w hich 
a g re e s  w ith  r e s u l t s  from  o th e r  b re a k -p o in t  b a r  s tu d i e s .
IX
MULTIPLE BAR SYSTEMS IN CHESAPEAKE BAY
INTRODUCTION
M u ltip le  b a rs  b o rd e r much o f Chesapeake Bay* W ell-developed  system s 
c o n ta in  f iv e  to  te n  b a rs  v h ic h  p a r a l l e l  th e  sh o re ;  each  system  has 
longsho re  l im i t s  de term ined  by s e v e ra l  geom orphic f a c t o r s .  The p re s e n t 
work was i n i t i a t e d  in  an a tte m p t to  de term ine  th e  o r ig in  o f th e se  
system s* F i r s t*  th e  Bay-wide d i s t r i b u t i o n  o f th e  b a rs  (F ig . 1) was 
determ ined  from  a e r i a l  photographs*  and v a lu e s  f o r  te n  geom orphic 
p a ram ete rs  w ere s c a le d  from th e  pho tographs and n a v ig a t io n  c h a r ts*
These r e s u l t s  w ere e n te re d  in  a l i n e a r  r e g r e s s io n  a n a ly s i s ;  p r e d ic to r  
e q u a tio n s  were developed w hich d e s c r ib e  b a r  d i s t r ib u t io n *  Then* a 
d e ta i l e d  s tu d y  was conducted  a t  Stove P o in t n e a r  D e l ta v i l le *  V irg in ia*  
u s in g  f lu o r e s c e n t  sed im ent t r a c e r s  and p r o f i l in g  te c h n iq u e s .
A lthough a few p rev io u s  in v e s t ig a to r s  have d e sc r ib e d  th e  
Chesapeake b a r  sy s te m s , none has r e s o r te d  to  more th a n  a c u rso ry  
ex am in a tio n  in  a tte m p tin g  to  e x p la in  t h e i r  o r ig i n .  K indle (1939) was 
th e  f i r s t  to  d e sc r ib e  th e  Chesapeake sy s tem s . Because good a e r i a l  
pho tographs o f much o f th e  Bay were n o t a v a ila b le *  he was unab le  to  
d e term in e  Bay-wide b a r  d i s t r i b u t i o n .
In  1939* Evans produced wave tan k  b a rs  a t  th e  U n iv e rs ity  o f 
Oklahoma w hich ap p ear to  have been  s im i la r  to  th e  Chesapeake b a r s .
King and W illiam s (1949) a ls o  c re a te d  wave ta n k  b a rs*  and th e y  
d e sc r ib e d  n a tu r a l  b a rs  in  th e  M ed ite rran ean  w hich a re  n o t u n lik e  
th o se  o f th e  C hesapeake.
D avis and McGeary (1965) found tro u g h  sed im en ts  to  be more c o a rse
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4th a n  c r e s t  sands on th e  Lake M ichigan b a r s .  This o b s e rv a tio n  a g re e s  
w ith  th e  r e s u l t s  o f th e  p re s e n t Chesapeake s tu d y .
Van S tr a a te n  (1953) d e sc r ib e d  " f l a t  topped r id g e s  and shallow  
tro u g h s"  n e a r  th e  sh o re s  o f th e  Dutch N orth Sea. The number o f r id g e s  
was s a id  to  be dependent on bottom  s lo p e ,  b u t no a tte m p t was made to  
de te rm in e  t h e i r  o r ig i n .
Shepard (1950) d e sc r ib e d  th e  b re a k -p o in t o r ig in  o f longsho re  
b a rs  a t  La J o l l a ,  C a l i f o m ia ,  and p o s tu la te d  s im i la r  fo rm a tio n  f o r  
m u lt ip le  b a r s .
The rhythm ic n e a rsh o re  p a t te r n s  s tu d ie d  by Bruun (1 9 5 4 ), Homma and 
Sonu (1 9 6 3 ), and Knaps (1966) a re  u n lik e  th e  p a r a l l e l  system s observed  
in  th e  C hesapeake.
BAY-WIDE BAR DISTRIBUTION
Bar d i s t r i b u t i o n  f o r  th e  e n t i r e  bay was de term ined  w ith  th e  use 
o f th e  fo llo w in g  a e r i a l  p h o to g rap h s: from  th e  U. S. Departm ent of
A g r ic u ltu re  s e r i e s  (1963-1964) AHR, AHS, AHX, ANL, ANJ, AJO, FB, AHW,
DWJ, DWA, DJH, and th e  1937 photo  m osaic f o r  Accomac and Northhampton 
C o u n tie s ; from  th e  U. S. D epartm ent o f I n t e r i o r  P ro je c t  GS-VAPM (1963) 
Ware Neck, D e l t a v i l l e ,  Mathews, and Cape H enry; from  th e  Commonwealth 
o f V irg in ia  D epartm ent o f Highways photos o f James C ity  County, York 
C ounty, Newport News and Hampton; and from  th e  U. S . Coast and G eodetic  
Survey s e r i e s  5 -2 -5 1 - J - 2 9 38-41 (1951), 4-3-59-W -3826(1959), 9-21-62-S-1948 
(1 9 6 2 ), and 39703(1952).
For each  o f 57 s t a t i o n s  s e le c te d  a t  random around th e  Bay, te n  
geom orphic p a ram ete rs  w ere s c a le d  from  th e se  photographs and U. S. C. and 
G, S. n a v ig a t ion  c h a r t s .  A s te p w ise  l in e a r  r e g re s s io n  a n a ly s is  was 
a p p lie d  to  th e s e  d a t a ,  and p r e d ic to r  e q u a tio n s  were d ev e lo p ed .
A e r ia l  Photo I n te r p r e ta t I o n
E xam ination  o f a e r i a l  pho tographs and c o rre sp o n d in g  h y d ro g rap h ic  
c h a r ts  su g g e s ts  s e v e ra l  a s p e c ts  o f b a r  d i s t r i b u t i o n :
1) The b a rs  e x i s t  o f f  most exposed Bay s h o re s .
. 2 )  The sed im en t in  b a r  a re a s  i s  sa n d .
3 ) R e f ra c tio n  p a t te r n s  su rro u n d in g  p o in ts  and necks in d ic a te  a 
wave f a c to r  in  b a r  developm ent.
5
64 )  The number o f b a rs  in  a v e il-d e v e lo p e d  system  v a r ie s  betw een 
f iv e  and te n  w ith  in v e rse  c o r r e la t io n  betw een n e a rsh o re  bottom  
s lo p e  and th e  number o f b a r s .
5) D is tan ce  betw een c r e s t s  ran g es  from 80 f t  to  120 f t  and
4
u s u a l ly  d e c re a se s  n e a r  s h o re .
6 ) A m plitude d e te rm in a tio n  from  photographs is  p rec lu d ed  because 
th e re  i s  i n s u f f i c i e n t  r e l i e f  to  a llo w  e f f e c t iv e  use o f 
s te r e o s c o p ic  a n a ly s i s .
S t a t i s t i c a l  A n a ly sis  
Methods
To g iv e  an in d ic a t io n  o f th e  r e l a t io n s h ip  o f p a ram ete rs  invo lved  
in  b a r  fo rm a tio n , a  s tep w ise  l i n e a r  m u ltip le  r e g r e s s io n  was em ployed. 
F if ty - s e v e n  s t a t i o n s  w ere s e le c te d  around th e  Bay and in  some o f th e  
l a r g e r  t r i b u t a r i e s  (F ig . 2 ) .  The fo llo w in g  f a c to r s  were d e term ined  f o r  
each  s i t e  so  t h a t  n e a rsh o re  c o n d itio n s  cou ld  be e v a lu a te d :  th re e  a sp e c ts
o f th e  f e tc h  w hich d e s c r ib e  th e  geom etry o f th e  Bay a t  a p a r t i c u l a r  
s t a t i o n ;  beach o r i e n t a t i o n ;  th e  an g le  betw een th e  beach and d i r e c t io n  
o f maximum f e tc h ;  average  bottom  s lo p e ;  beach sh ap e ; number o f b a r s ;  
b a r  sh ap e ; and p resen ce  o f b a r s .  These d a ta  were s u b je c te d  to  a s c re e n in g  
p ro cess  d e sc r ib e d  by F r i t t s  (1962) and H a rr iso n , e t .  a l .  (19 6 5 ). The 
method uses l i n e a r  e q u a tio n s  o f  th e  form  Y ■■ Ajh + BnXj ♦ Cn - ^X2 , . . . ,N X n . 
The f,A, s M a re  c o n s ta n ts ,  and th e  ^ • s ” and " C 's "  a re  r e g re s s io n  
c o e f f i c i e n t s  de term ined  by a l e a s t  sq u a res  m ethod. "Y" is  th e  
p a r t i c u l a r  dependent v a r ia b le  and th e  "X*s" a re  p r e d ic to r s .
The p rocedure  o f a n a ly s is  is  to  s e l e c t  th e  b e s t  s in g le  p r e d ic to r  
and th e n  add v a r ia b le s  in  d escen d in g  o rd e r  o f c o n tr ib u t io n  to  th e  
r e g r e s s io n .  Because o f th e  la rg e  number o f v a r i a b le s ,  and because th e
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8r e l a t i v e  im portance o f th e  p re d ic to r s  changes as d i f f e r e n t  v a r ia b le s  
a re  addedy many r e g re s s io n s  must be examined to  determ ine  th e  most 
e f f i c i e n t  e q u a tio n . D uring t h i s  s tu d y , an I B M System 360 com puter 
was used w ith  s ta n d a rd  s c i e n t i f i c  su b ro u tin e s  and m od ified  fo rm at 
s ta te m e n ts .  Appendix A c o n ta in s  two p r e d ic to r  e q u a tio n s  and r e la te d  
d a ta  w hich d e s c r ib e  th e  o ccu rren ce  o f th e  b a r  sy s tem s .
R e su lts  and D iscuss ion
In  a  l i n e a r  m odel, th e  p resen ce  o f b a r system s in  th e  Chesapeake 
i s  a fu n c tio n  o f th e  fo llo w in g  p a ra m e te rs : beach  an g le  to  maximum
f e t c h ,  and o f f sh o re  geom etry d e sc r ib e d  by th re e  f a c t o r s .  Bars occur 
most o f te n  where th e  beach is  n e a r ly  p e rp e n d ic u la r  to  th e  d i r e c t io n  
o f maximum f e t c h .  A minimum f e tc h  o f 10 m ile s  is  u s u a l ly  n e c e s sa ry  
f o r  b a r  fo rm a tio n . Bottom s lo p e  is  th e  most im p o rtan t f a c to r  govern ing  
th e  number o f b a rs  in  a  sy stem . G en tle  s lo p e s  fa v o r  b a r  fo rm a tio n . 
F ig u res  3 and 4 in d ic a te  t h a t  th e  s t ro n g  p o s i t io n  o f n e a rsh o re  bottom  
s lo p e  in  a l i n e a r  model is  n o t s u r p r i s in g .
S tandard  s t a t i s t i c a l  t e s t s  on th e  p re d ic to r  e q u a tio n s  could  
h a rd ly  be c o n sid e red  v a l ie d  because th e  u n d e rly in g  assum ptions o f 
l i n e a r  r e g re s s io n s  have been v io la t e d .  The v a r ia b le s  a re  red u n d an t 
and n o t t r u l y  l i n e a r .  T h e re fo re , th e  e q u a tio n s  w ere t e s t e d  w ith  
a d d i t io n a l  d a t a .  The p resen ce  o f b a r  system s was d e term ined  w ith  
94% a ccu racy  f o r  15 new s t a t i o n s .  The number o f b a rs  in  each  system  
was p re d ic te d  a c c u ra te ly  in  87% o f th e  t r i a l s ;  in  no case  d id  th e  
p r e d ic t io n  v a ry  by more th a n  two from  th e  observed  v a lu e .
I t  would be im proper to  a t t a c h  to o  much p h y s ic a l s ig n if ic a n c e  to  
su ch  b a s ic  p r e d ic to r  e q u a t io n s .  A model w hich d e s c r ib e s  n o n lin e a r  
e f f e c t s  m ight e x h ib i t  th e  p a ram ete rs  in  a d i f f e r e n t  m anner. L in ea r 
models a r e ,  how ever, th e  b e s t  f o r  i n i t i a l  work w ith  la rg e  numbers o f
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red u n d an t v a r ia b le s  (H a rr iso n , e t .  a l .  1965, M ille r  1958, F r i t t s  1962).
The a p p l ic a t io n  o f a d d i t io n a l  tra n s fo rm a tio n s  and polynom ial 
re g re s s io n s  to  th e  b a r  d a ta  i s  w orthy  of s tu d y  in  i t s e l f .  T his ap p ro ach , 
th e  w r i t e r  b e l ie v e s ,  w i l l  le ad  to  a  d e ta i l e d  p h y s ic a l  e v a lu a t io n  o f th e  
d i s t r i b u t i o n  o f m u lt ip le  b a rs  around th e  C hesapeake.
STOVE POINT STUDY
Stove P o in t is  a  sandy f in g e r  o f land  e x ten d in g  due so u th  in to  
th e  mouth o f th e  P ian k a tan k  R iv er from D e l t a v i l l e ,  V irg in ia  (F ig , 5 ) .
I t  forms th e  e a s te r n  sh o re  o f F ish in g  Bay and is  exposed to  e a s t e r l y  
wind waves from  th e  C hesapeake, The fo llo w in g  f a c to r s  governed th e  
s e le c t io n  o f S tove P o in t a s  th e  s tu d y  a r e a :  w e ll-fo rm ed  l i n e a r  b a r s ;
a v a i l a b i l i t y  o f p ro te c te d  m ooring f o r  an in s tru m e n t b a rg e ; e x is te n c e  of 
e x te n s iv e  a e r i a l  p h o to g rap h ic  re c o rd s  f o r  th e  a r e a ;  th e  u n id i r e c t io n a l  
n a tu re  o f la rg e  wave approach  (from  th e  e a s t  because o f r e f r a c t i o n  over 
n ea rb y  s h o a ls ) ;  and th e  a c c e s s i b i l i t y  o f VIMS (about one h o u r 's  t r a v e l  
by t r u c k ) ,
A sam ple g r id  (e x te n d in g  600 f t  o f f s h o re  and 300 f t  lo n g sh o re ) was 
c o n s tru c te d  a c ro ss  th e  b a rs  and marked e v e ry  100 f t  w ith  iro n  p ip es  
(F ig* 6 ) ,  Coated t r a c e r  sand was p laced  a t  "BA" and a t  a p o in t 50 f t  
sh o rew ard . Sand movement was re c o rd ed  f o r  a p e rio d  o f seven  days w hich 
in c lu d ed  a sev e re  NE s to rm . S im ultaneous wave and c u r re n t  m easurem ents 
w ere o b ta in ed *  Each t r a n s e c t  was p r o f i l e d  tw ice  d u rin g  th e  s tu d y  u s in g  
a  t o t a l  o f 840 e le v a t io n  p o in ts*
F ie ld  In s tru m e n ta tio n
D uring  th e  s tu d y  p e rio d  a t  Stove P o in t , c u r re n ts  were m easured w ith  
a  Hydro P ro d u cts  sy stem , A speed  s e n so r  (Model 460) and a v an e-ty p e
4
d i r e c t io n  se n so r  (Model 465A) were mounted in  an  aluminum t r ip o d  which 
was p laced  on th e  bottom * Suspension  o f th e  u n p ro te c te d  se n so rs  was
12
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th o u g h t unw ise because o f th e  exposed and sh o a l n a tu re  o f th e  s tu d y  a rea*
The c u r re n t  v e lo c i ty  re a d o u t modules (Models 451 and 452) were mounted 
in  su rp lu s  am m unition boxes and b o th  system s w ere connected  to  a dua l 
t r a c k  R ustrak  re c o rd in g  u n i t .  The measurement system  had in te r n a l  power 
s u p p l ie s ;  power f o r  th e  re c o rd e r  was su p p lie d  by a s e p a ra te  12 v  s to ra g e  
b a tte ry *
Tide and wave re c o rd s  were produced by a m od ified  B r i s to l  s t r l p -  
c h a r t  re c o rd e r  w hich in c o rp o ra te d  a b u b b le r- ty p e  w a te r  le v e l  in d ic a to r*
The u n i t  was m odified  and c a l ib r a te d  as  d e sc r ib e d  in  Appendix B* A 
s t a f f  mounted on th e  bulkhead  and le v e le d  to  USC and GS t i d a l  bench 
mark "2" a t  M ilfo rd  Haven se rv ed  as  a re fe re n c e  le v e l  f o r  th e  t id e  
gauge•
Readout and re c o rd in g  e lem en ts  of th e  c u r r e n t , wave, and t id e  
m easuring  system s were lo c a te d  in  th e  ho ld  o f a sm all b a rg e . This 
f l o a t in g  p la tfo rm  p rec lu d ed  th e  need f o r  s u b s t a n t i a l  in s tru m en t to w e rs .
I t  was secu red  w ith  fo u r  O an fo rth -ty p e  30 lb  a n c h o rs , and a 75 lb  
mushroom anchor was dropped s e v e ra l  hundred f e e t  seaw ard to  se rv e  as 
a s a f e ty  in  th e  e v en t o f ground ta c k le  f a i l u r e .  Scope on a l l  m ooring 
l in e s  was a t  l e a s t  20:1*
S e d le an t C oatIng
In o rd e r  to  d e term ine  th e  n a tu re  o f sed im en t movement a t  Stove 
P o in t ,  th e  sand was lab e led *  A f lu o r e s c e n t  system  was chosen as  th e  
most p r a c t i c a l  sed im en t c o a tin g  procedure* T his tech n iq u e  has been 
used e x te n s iv e ly  by w orkers s tu d y in g  n e a rsh o re  sed im ent t r a n s p o r t  
(Yasso 1962, W right 1962, and In g le  1966). The id e a l  c o a tin g  should  
m eet th e  fo llo w in g  c r i t e r i a :  no a p p re c ia b le  s o l u b i l i t y  in  w ater}  good
fa d e  r e s i s t a n c e ;  e a se  o f a p p l ic a t io n ;  low c o s t ;  ra p id  d ry in g  r a t e ;  no
e f f e c t iv e  change to  th e  dynamic p ro p e r t ie s  o f th e  p a r t i c l e s ;  and 
a v a i l a b i l i t y  in  a number o f c o lo r s .
P re lim in a ry  t e s t s  were made w ith  w a te rp ro o f draw ing ink and an 
a c r y l i c  la c q u e r-b a se d  m ix tu re  d e sc r ib e d  by Yasso (1 9 6 2 ), The ink was 
e a s i l y  a p p l ie d ,  b u t low v i s i b i l i t y  re q u ire d  th a t  e x c e s s iv e  amounts be 
u se d . The a c r y l i c  c o a tin g  was h ig h ly  v i s i b l e .  A p p lic a t io n  o f t h i s  
c o a tin g  caused s e v e re  c lum ping; th e  dynamic c h a r a c t e r i s t i c s  o f th e  
sam ple were changed. The o r ig in a l  form ula was m o d if ied , and th e  f i n a l  
c o a tin g  c o n s is te d  o f 1 p a r t  by volume o f B ee tle  R es in 9 4 p a r ts  a c r y l i c  
la c q u e r , and 20 p a r ts  to lu en e*
Sand was removed from th e  s tu d y  a re a  and p laced  on a 12 f t  x 10 f t  
s h e e t  m eta l t r a y .  I t  was w ashed, m ech an ica lly  s e p a ra te d ,  and l e f t  to  
d ry . Because o f inc lem en t w e a th e r , th e  d ry in g  p e rio d  la s te d  f iv e  weeks 
At t h a t  tim e th e  b u lk  m o is tu re  c o n te n t was 3%, The maximum p erm issab le  
m o is tu re  c o n te n t a cc o rd in g  to  Yasso (1962) is  5%. A f te r  d ry in g  th e  
sand  was s e p a ra te d  in to  5 lb  u n i t s  and p laced  in  heavy p l a s t i c  b ag s . 
F i f te e n  ounces o f  a c r y l i c  c o lo r in g  ag en t w ere poured in to  each  b ag , 
and th e  c o n te n ts  were kneaded . The co a ted  sand was sp read  on th e  sh e e t 
m eta l t r a y  to  d r y .  P e r io d ic  ra k in g  he lp ed  a l l e v i a t e  clum ping and 
e f f e c t i v e l y  sh o rte n e d  th e  d ry in g  p e r io d . Sand was removed from th e  
t r a y  a t  two day in te r v a l s  f o r  t e s t i n g .  The sam ples were p laced  in  
sc re w -to p  j a r s  w ith  se a  w a te r  and shaken to  s im u la te  f i e l d  a b ra s io n . 
E a r ly  t e s t s  r e s u l te d  in  com plete s t r ip p in g  o f th e  c o a t in g .  As th e  sand 
d r ie d  th e  s i t u a t i o n  im proved, and a f t e r  f iv e  weeks th e  c o a tin g  was f a s t  
F i f te e n  ounces o f  a  4% Calgon s o lu t io n  w ere added f o r  each  5 lb  o f sand 
to  reduce f l o t a t i o n  o f p a r t i c l e s .
On May 18 , th e  co a ted  sand was re tu rn e d  to  th e  s tu d y  a re a  in  
la rg e  p l a s t i c  b a g s . Bags c o n ta in in g  a t o t a l  o f 350 lb  o f re d  sand
17
were p laced  on th e  c r e s t  a t  "B4" as shown in  F ig . 6 . F i f t y  pounds of 
yellow  sand w ere d e p o s ite d  in  th e  tro u g h  50 f t  shorew ard o f HB4".
These c o n ta in e rs  th e n  were s l i t  w ith  a k n i f e ,  and th e  t r a c e r  sand was 
sp read  over a  50 sq f t  a re a  by hand.
Sam pling P rocedures
Samples o f th e  sand s u b s t r a te  w ere o b ta in e d  w ith  a  m odified  form 
of In g le* s  (1966) V ase lin e  co a ted  card  sy stem . Heavy d u ty  aluminum 
f o i l  (12 sq  in )  was marked w ith  a sample number on th e  s h in y  s u r f a c e .
The f o i l ,  d u l l  s id e  o u t ,  was smoothed over a number 15 ru b b e r s to p p e r  
a tta c h e d  to  a  4 f t  p o le .  A un ifo rm  c o a tin g  o f V ase lin e  was a p p lie d  to  
th e  f o i l .  The p rep a red  sam pling  d ev ice  th e n  was g iv en  t o  a d iv e r  who 
p re sse d  th e  f o i l  s q u a re ly  a g a in s t  th e  san d . The sam ples were re tu rn e d  
to  an  a s s i s t a n t  in  a  s k i f f  who th e n  reco rd ed  th e  lo c a t io n ,  p rep a red  th e  
f o i l  sam p ler f o r  th e  n e x t s t a t i o n ,  and formed th e  used  f o i l  in to  loose  
bag shapes (co a ted  s id e  in )  f o r  t r a n s p o r t  to  th e  la b o ra to ry .
Sedim ent co res  w ere o b ta in e d  w ith  p l a s t i c  co re  l i n e r s  w hich were 
pushed in to  th e  s u b s t r a te  by hand . The to p s  o f th e  l i n e r s  were 
s to p p e re d  b e fo re  rem oving them from th e  sed im en t. Rubber s to p p e rs  
w ere p laced  in  th e  l i n e r  bottom s w h ile  s t i l l  u n d e rw a te r . Deeper co res  
w ere ta k e n  w ith  a Davis p e a t c o t e r .  Samples w ere o b ta in e d  in  l a te  
F eb ru ary  and d u rin g  th e  s tu d y  p e r io d .
The a re a  was sam pled a t  2 4 , 4 8 , 120, and 168 hours a f t e r  in je c t io n .  
The sam pling  p a t te r n  f o r  each  day was de term ined  by sam pling  a lo n g  
t r a n s e c t  ”B” and l in e  ”4 ” w orking  away from  th e  in je c t io n  p o in t u n t i l  
two s u c c e ss iv e  sam ples re v e a le d  no a p p a ren t co a ted  g r a in s .  The c o a tin g  
is  v i s i b l e ,  and i t  can  be se e n  upon c lo se  in s p e c tio n  in  th e  f i e l d ;  
u l t r a v i o l e t  l i g h t  i s  needed f o r  a c c u ra te  c o u n tin g . Sample lo c a t io n s
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a re  shown In  F ig u re s  13 , 14 , 16, and 17. R ad ii in d ic a te d  in  th e  f ig u r e s  
w ere de term ined  by in s e r t in g  tem porary  s ta k e s  n e a r  th e  in je c t io n  p o in t and 
ta k in g  a range on th e se  s ta k e s  and m arker ”B4M. A t r o t  l in e  marked a t  
5 f t  i n te r v a l s  was used to  gauge d is ta n c e  from th e  g r id  m ark ers .
Sam pling d e n s i ty  was in c re a se d  in  a re a s  o f s te e p  count g r a d ie n ts .
P r o f l l in g  P rocedures
T ra n se c ts  A, B, and C (F ig . 6 ) were p r o f i le d  on May 15 , and on 
May 26 and 2 7 . A 100 f t  t r o t  l in e  was secu red  a t  s u c c e ss iv e  g r id  m ark ers . 
An e le v a t io n  rod  p laced  a t  5 f t  I n te r v a ls  a lo n g  th e  l in e  was read  th ro u g h  
a  t r a n s i t  from  th e  beach* S tan d ard  su rv ey  p r a c t ic e s  were fo llow ed  to  
a s s u re  c o n t in u i ty .
L ab o ra to ry  A n a ly s is  o f Samples
The co a ted  sand sam ple c a rd s  were p laced  under a  4 sq  in  c le a r  
p l a s t i c  g r id  in  a darkened chamber and i l lu m in a te d  w ith  a long wave 
u l t r a v i o l e t  l i g h t  s o u rc e . The t o t a l  number of f lu o r e s c e n t  co ated  
p a r t i c l e s  was counted  f o r  e ach  c a r d .  The r e s u l t s  ( In  g r a in s /4  sq  in )  
w ere p lo t te d  and th e  v a lu e s  co n to u re d .
Core sam ples w ere exam ined by s p l i t t i n g  them in  th e  fo llo w in g  
m anner: A f te r  th e  s to p p e rs  w ere tap ed  f i rm ly  in  p la c e ,  th e  co re  l i n e r s
w ere sco red  lo n g i tu d in a l ly  w ith  a c i r c u l a r  bench saw . The p l a s t i c  was 
c u t ,  fo llo w in g  th e  saw m arks, w ith  a s h a rp  k n i f e .  The s to p p e rs  were 
removed and a p ian o  w ire  c u t t e r  was drawn th ro u g h  th e  e n t i r e  c o re . Thus 
th e  co re s  w ere exposed w ith  a  minimum of d is tu rb a n c e .  A 1 sq in  p l a s t i c  
g r id  was p laced  ov er th e  co re  s e c t io n s  1 in .  from th e  s u r f a c e ,  and th e  
co a ted  g ra in s  were counted  under u l t r a v i o l e t  l i g h t .
G rain  s iz e  o f sand sam ples was de term ined  w ith  a Woods Hole Rapid
19
Sedim ent A nalyzer developed  by Z e ig le r ,  e t ,  a l .  ( I9 6 0 ) , Cum ulative 
cu rv es  were c o n s tru c te d  f o r  each  o f th e  sam ples u s in g  a s l i d in g  
t r a n s p a r e n t  g r id  s c a le d  to  f i t  th e  o u tp u t o f th e  A n a ly z e r 's  Sanborn 
re c o rd in g  u n i t  (S c h le e , 1966)* D i f f e r e n t i a t io n  of th e  cum ula tive  cu rves 
produced freq u en cy  cu rv es  (Krumbein and B e t t i jo h n , 1938),
H ydrographic R esu lts
D uring th e  two days fo llo w in g  t r a c e r  sand in je c t io n ,  th e  w inds 
w ere s te a d y  o u t o f th e  s o u th  g ra d u a lly  in c re a s in g  from  15 to  30 mph.
On May 2 1 , a  sev e re  sto rm  began w hich r e s u l te d  in  s tro n g  (30 -  40 mph) 
n o r th e a s t  w inds f o r  fo u r  d a y s . Wave h e ig h ts  w ere g r e a te r  th a n  3 f t  
and b re a k e rs  w ere observed  o v e r th e  b a rs  400 f t  o f f s h o r e .  W avelengths 
averaged  25 f t  b e fo re  com pression  ov er th e  b a r s .  Appendix C p re s e n ts  
a summary o f wave c o n d itio n s  d u rin g  th e  s tu d y  p e r io d . R e f ra c tio n  over 
th e  s h o a ls  n e a r  S tin g ra y  P o in t caused n e a r ly  a l l  la rg e  waves to  approach  
th e  b a r  a re a  from  th e  e a s t .
The weak t i d a l  c u r r e n ts  in  th e  s tu d y  a re a  a re  o f te n  masked by wind 
g e n e ra te d  c u r r e n t s .  No t r a c e  o f t i d a l  c u r r e n ts  cou ld  be d is c e rn e d  from  
d a ta  reco rd ed  d u rin g  th e  sto rm  (Appendix C ),
The tid e -w av e  re c o rd s  were e v a lu a te d  in  an a tte m p t to  d is c o v e r  
long  wave phenomena. On May 10 , d u r in g  a  t r i a l  ru n  to  check in s tru m e n ta t io n , 
th e  gauge re c o rd ed  fo u r  o s c i l l a t i o n s  in  w a te r  le v e l  w ith  p e r io d s  o f 8 
m inu tes and am p litu d es  o f 0 ,7  f t .  These waves were n o t observed  and 
t h e i r  o r ig in  has n o t been  d e te rm in e d . The p o s s i b i l i t y  o f in s tru m en t 
m a lfu n c tio n  canno t be e l im in a te d ,  b u t th e  gauge was checked p e r io d ic a l ly  
and appeared  to  be w orking  w e ll  d u rin g  th e  e n t i r e  s ta y  on s t a t i o n .  Near 
th e  end o f th e  sto rm  p e rio d  a  s e r i e s  o f long  p e rio d  o s c i l l a t i o n s  was 
re c o rd ed  (F ig , 7 ) .
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Rad ink was dropped in  th e  w a te r  from th e  barge d u rin g  ro u tin e  
s e r v ic in g  o f in s tru m e n ts . The r e s u l t i n g  dye p a tch es  were t ra c e d  f o r  
abou t 500 y d . Except in  w h ite  w a te r , th e  dye appeared  to  fo llo w  th e  
b a rs  p a r a l l e l  to  th e  b each . Onshore movement o f s u r fa c e  w a te rs  was 
n o ted  d u rin g  th e  s to rm .
Sedintent S ize
The r e s u l t s  o f sed im en t s iz e  a n a ly se s  (Appendix D) re v e a l t h a t  
th e  s tu d y  a re a  sed im ent can  be c l a s s i f i e d  as  medium sand a cc o rd in g  to  
bo th  mean and median m easu res . Trough sands a re  more co a rse  and b e t t e r  
s o r te d  th a n  c r e s t  s e d im e n ts . A r e p r e s e n ta t iv e  c r e s t  sample is  d e p ic te d  
g ra p h ic a l ly  in  F ig u re  6 ; F ig u re  9 d e s c r ib e s  sand ta k e n  from a tro u g h  
350 f t  o f f sh o re  on t r a n s e c t  B.
Sand sam ples w ere o b ta in e d  in  l a t e  F eb ru ary  p r io r  to  th e  s t a r t  o f 
th e  s tu d y . A nalyses a t  th e  end o f th e  s tu d y  in d ic a te d  no a p p re c ia b le  
change in  g ra in  s iz e  d i s t r i b u t i o n  had o ccu rred  d u rin g  th e  th re e  month 
p e r io d .
Changes in  Bar P ro f 1le s
Comparison o f t r a n s e c t  p r o f i l e s  ta k e n  b e fo re  and a f t e r  th e  storm  
in d ic a te  s e v e ra l  sm all b u t s i g n i f i c a n t  changes (F ig . 109 11, and 1 2 ) .
The m iddle b a rs  show an in c re a se  in  am plitude  o f 0 .1  f t  to  0 .3  f t  on 
a l l  t r a n s e c t s .  The o u te r  b a rs  a re  l i t t l e  changed. S ince th e  in n e r 
b a rs  a re  n o t l i n e a r  and a re  exposed to  t r a n s g r e s s in g  t i d e s ,  no o rd e r ly  
movement can  be d isc e rn e d  from  s tu d y  o f p r o f i l e s .
Sedim ent Movement
F ig u res  13 , 14 , and 15 In d ic a te  t h a t  d u r in g  th e  p e rio d  of s o u th e r ly
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w in d s , movement o f th e  re d  t r a c e r  sand g ra in s  was p r im a r i ly  to  th e  NNE. 
Sample co u n ts  re v e a le d  th e  g r e a te s t  c o n c e n tra t io n  o f re d  g ra in s  to  be on 
th e  c r e s t*  During th e  s to rm  p e r io d ,  c r e s t  sed im ent moved t o  th e  so u th  
(F ig . 16 , 17 , 18 , and 1 9 ); some re d  sand was c a r r ie d  on to  th e  upper 
n e a rsh o re  s lo p e  o f th e  b a r  (F ig* 16 and 17)* Throughout th e  s tu d y  p e rio d  
a sm a ll amount o f ye llow  ( tro u g h )  sand was counted  moving up th e  fa c e  o f 
th e  b a r  400 f t  o ffsh o re *  On May 2 5 , t r a c e r  sands a t  d ep th  1 in* had th e  
same r e l a t i v e  d i s t r i b u t i o n  as s u r fa c e  t r a c e r s  (Fig* 2 0 ) .
D iscu ss io n  o f Stove P o in t R esu lts
R e la tiv e  d ep th s  and p o s i t io n s  o f b a r  c r e s t s  a t  S tove P o in t and in  
K in g 's  (1959) wave ta n k  were s im i la r  (F ig . 2 1 ) .  Changes in  b a r p r o f i l e s  
d u r in g  th e  s to rm  a t  S tove P o in t ag reed  w ith  th o se  no ted  by King (1949) 
in  th e  M ed ite rran ean  and w ith  th e  wave ta n k  r e s u l t s  o f Evans (1940) and 
King (1959)* In  a l l  c a se s  th e  am plitude  o f b a rs  in  th e  b re a k e r  to n e  
in c re a se d  in  th e  p resen ce  o f g r e a te r  wave h e ig h t*  Bars ly in g  beyond 
th e  b re a k e rs  were v i r t u a l l y  unchanged.
K in g 's  o b s e rv a tio n  (1949) t h a t  a l l  s m a lle r  b a rs  a re  d e s tro y e d  by 
s to rm  waves a p p a re n tly  does n o t ap p ly  t o  th e  Stove P o in t system * Storm 
waves a t  th e  s tu d y  a re a  b roke and reform ed fo u r  o r f iv e  tim es w h ile  
ap p ro ach in g  th e  beach* Thus a s in g le  wave co u ld  be c o n s tr u c t iv e  f o r  
more th a n  one bar*
Comparison o f a e r i a l  photos ta k e n  in  F eb ru a ry , 1951, A p r i l ,  1959, 
Sep tem ber, 1962, and O c to b e r, 1967 re v e a ls  l i t t l e  change in  th e  p o s i t io n s  
o f t h e  b a rs  a t  S tove Po in t*  The o n ly  m easurab le  change is  an  o f f sh o re  
movement o f ap p ro x im a te ly  50 f t  f o r  soma o f th e  in n e r b a rs  a t  th e  
s o u th e a s t  t i p  o f th e  P o in t*  T his movement i s  a p p a re n tly  caused by th e  
i n s t a l l a t i o n  o f s e v e r a l  g ro in s  and th e  r e s u l t i n g  lo c a l  n e a rsh o re  sh o a lin g
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A lthough mean and m edian sed im ent s iz e  v a r ie s  f o r  d i f f e r e n t  b a r 
sy s te m s , th e  r e l a t i v e  sed im ent s iz e  d i s t r i b u t i o n  a c ro ss  most b a rs  ap p ears  
s im ila r*  At Stove P o in t on th e  Chesapeake, on Lake M ichigan (D avis and 
McGeary, 1 9 6 5 ), and a t  s e v e ra l  European s i t e s  (K ing, 1959), c r e s t  
m a te r ia l  was m easurab ly  le s s  co a rse  th a n  tro u g h  sand (F ig . 2 2 ) .
Wave induced sed im en t movement a t  Stove P o in t c o n c e n tra te d  m a te r ia l  
on th e  c r e s t s .  V i r tu a l ly  a l l  p rev io u s  w orkers have observed  o r 
p o s tu la te d  t h i s  phenomenon (Evans 1940, In g le  1966, King 1959, M ille r  
and Z e ig le r  1964, Shepard 1950)*
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THEORIES OF BAR ORIGIN
Three p o s s ib le  modes o f fo rm a tio n  have been c o n s id e re d  f o r  th e  
Chesapeake Bay b a r  system s* The f i r s t  s t a t e s  t h a t  th e  b a rs  a re  th e  
r e s u l t  o f modem sed im en t ly in g  on r e l i c  fo rm a tio n s . R e su lts  o f th e  
p re s e n t  s tu d y  do n o t su p p o rt t h i s  p o s s i b i l i t y .  A lthough co re  d a ta  
a re  n o t c o n c lu s iv e ,  no u n d e rly in g  b a r  s t r u c tu r e s  y e re  found a t  Stove 
P o in t .  Sediment and b a r  movements in d ic a te  t h a t  th e  b a rs  a re  formed 
and m ain ta in ed  by p ro c e sse s  w hich a re  p r e s e n t ly  a c t i v e .
The fo rm a tio n  o f b a rs  by e x tre m e ly  long  waves o r  su rg es  cannot be 
f u l l y  d is c o u n te d , b u t such  a mechanism ap p ears  u n l ik e ly  in  view o f 
p re s e n t  d a ta .  The su rg e s  re c o rd ed  a t  S tove P o in t d u rin g  th e  l a t t e r  
s ta g e s  of th e  s to rm  a re  p re s e n t  a l s o  on th e  t id e  re c o rd s  from th e  VIMS 
p i e r .  S im ila r  d a ta  f o r  d i f f e r e n t  d a te s  a re  found on re c o rd s  from  t id e  
s t a t i o n s  on th e  James R iv e r . At some o f th e s e  s t a t i o n s ,  th e  c o n d itio n s  
o f bottom  s lo p e  and sed im en t ty p e  a re  such  t h a t  b a r  fo rm a tio n  m ight be 
e x p e c te d . There is  none . The m iss in g  e lem en t seems to  be s u f f i c i e n t  
f e t c h .  T h is o b s e rv a tio n  le a d s  to  th e  t h i r d  a n d , in  th e  w r i t e r ’ s 
o p in io n , most p ro b ab le  e x p la n a tio n  o f b a r  developm ent.
The method o f fo rm a tio n  d e sc r ib e d  h e re  can  be term ed a m odified  
b re a k -p o in t th e o ry . Wave ta n k  t e s t s  on s im u la ted  beaches have shown 
t h a t  i f  wave s te e p n e ss  exceeds a  c r i t i c a l  a n g le ,  b a rs  w i l l  form a t  th e  
b re a k -p o in t  (King and W illia m s , 1 949). The n e c e s sa ry  wave s te e p n e ss  
d e c re a se s  a s  bottom  s lo p e  becomes more g e n t le .  S ev e ra l f a c to r s  r e v e a l
39
AO
t h a t  th e  Chesapeake b a rs  fo llo w  tre n d s  developed in  th e  wave ta n k s .
The In c re a se  o f b a r  am p litu d e  and i n t e r c r e s t  d is ta n c e  w ith  g r e a te r  
w a te r  dep th  is  s im i la r  in  ta n k  and f i e l d  (F ig . 2 1 ) .
Growth o f b a r  am plitude  d u rin g  th e  sto rm  a t  Stove P o in t i s  
com parable to  change in  a r t i f i c i a l l y  produced b re a k -p o in t b a rs  
s u b je c te d  to  waves o f in c re a s in g  s i z e .  The lo c a t io n  o f b a r  system s 
w ith  r e s p e c t  to  Bay geom etry a ls o  su g g es ts  a wave o r ig i n .  A minimum 
f e tc h  o f ab o u t 10 m ile s  is  needed f o r  b a r  fo rm a tio n # and b a r  o r ie n ta t io n  
r e f l e c t s  r e f r a c t i o n  p a t te r n s  and dom inant d i r e c t io n s  of wave ap p roach .
Sedim ent s i z e  d i s t r i b u t i o n  a t  Stove P o in t (F ig . 22 ) shows th e  f in e  
c r e s t  and c o a rse  tro u g h  p a t t e r n  a s s o c ia te d  w ith  b re a k -p o in t b a r s .
T ra c e r  s tu d y  r e s u l t s  in d ic a te  t h a t  sed im ent movement norm al to  th e  
b a rs  ten d s  to  c o n c e n tra te  sand a t  th e  c r e s t s  th u s  a id in g  b a r  developm ent 
and m ain ten an ce .
SUMMARY OF CONCLUSIONS
1* M u ltip le  b a rs  b o rd e r  much o f Chesapeake Bay* W ell-developed  
system s c o n ta in  f iv e  to  te n  l i n e a r  b a rs  w hich p a r a l l e l  th e  shore*
2 .  S t a t i s t i c a l  a n a ly s is  in d ic a te s  t h a t  m u lt ip le  b a rs  a re  most 
l i k e l y  to  be p re s e n t where th e  f e tc h  is  g r e a te r  th a n  10 m ile s  and 
where th e  sh o re  l in e  i s  n e a r ly  p e rp e n d ic u la r  to  th e  d i r e c t i o n  of 
maximum fe tc h *  The number o f b a rs  in  a p a r t i c u l a r  system  is  g r e a te s t  
w here th e  n e a rsh o re  bottom  s lo p e  is  g e n tle *
3* Bar o r i e n ta t io n  r e f l e c t s  r e f r a c t i o n  p a t te r n s  and dom inant 
d i r e c t io n  of wave approach*
4* C rest sand is  f i n e r  th a n  tro u g h  sand a t  S tove P o in t n e a r 
D e l t a v i l l e ,  V irg in ia*  T h is p a t t e r n  i s  s im i la r  to  r e s u l t s  from  
b re a k -p o in t b a r  s tu d ie s  in  Europe and Lake M ichigan .
5* Storm waves a t  Stove P o in t d u rin g  th e  s tu d y  p e rio d  c o n c e n tra te d  
sed im en t on th e  b a r  c r e s t s » and th e  am plitude  o f b a rs  in  th e  b re a k e r 
zone in c reased *
6* The m u lt ip le  b a rs  o f Chesapeake Bay most p ro b ab ly  a re  formed 
and m ain ta in ed  by wave a c tio n *
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APPENDIX A
DETAILS OF STATISTICAL TREATMENT OF BAR DISTRIBUTION 
VARIABLE CODES
FETCH CODE-1A=FETCH GREATER THAN 10MI WITH SCOPE OF AT LEAST 30 DEGREES 
(1-YES) 2B=FETCH ENVELOPE WIDTH IN DEGREES
(2=NO) 3C=ANGLE OF ENVELOPE BISECTOR TO BEACH
BEACH DIRECTION (8PT S ) VAR 4
1 = N TO S
2 = NNE SSW
3 = NE sw
4=ENE wsw
5 = F w
6 = ESE WNW
7= SE NW
8 = SSE NNW
BEACH ANGLE TO MAXIMUM FETCH IN DEGREES VAR 5
AVERAGE BOTTOM SLOPE IN YDS TO 12FT CONTOUR VAR6
BEACH SHAPE VAR 7 
1=STRAIGHT 
2=CONVEX 
3=CONCAVE 
4= IRREGULAR
f
NUMBER OF BARS (0 TO 20) VAR 8
BAR SHAPE 1=STRAIGHT 2=LUNATE 3=IRREGULAR VAR 9 
BARS PRESENT 1=YES 2=N0 VAR 10
MODIFIED INPUT
INPUT SUBROUTINE O ’BRIEN 
SUBROUTINE. DATA ( M * D ) 
DIMENSION D (1 )
1 FORMAT <6X*18F4.0)
READ ( 1*1) (D( I )»I * 1 »M)
1 .WRITE (1 3 )  "(*D(I)*I = 1*M) 
RETURN 
,END
42
STA
1
2
3
A
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
.39
40
41
42
43
44
45
43
DATA USED FOR REGRESSION
FETCH BEACH BAR
A B C DIR ANG SLO SHA NO SHA PR
1 101 90 6 65 650 4 5 3 1
2 22 43 3 35 75 1 0 0 2
1 93 55 2 90 300 1 2 1 1
1 46 83. 7 90 850 1 9 1 1
1 89 67 7 55 500 4 6) 3 1
2 17 23 3 40 250 1 O' 0
1 83 50 5 80 800 4 8 3 1
2 18 40 5 45 650 1 0 0
1 35 85 1 50 750 1 8 1 1
1 33 80 3 90 600 1 5 1 1
1 170 90 2 751200 4 12 2 1
1 159 80 2 85 850 1 7 1 1
1 185 75 3 801100 2 12 2 1
1 125 67 6 851000 2 11 2 1
2 29 80 3 20 80 3 0 0
1 70 90 1 90 700 1 6 1 1
1 136 90 7 901100 2 12 2 1
1 52 48 5 85 600 1 6 1 1
1 163 80 8 901300 1 14 1 1
1 53 75 7 901000 4 9 3 1
1 129 78 4 75 900 1 9 1 1
1 122 90. 6 90 600 1 6 1 1
1 39 9 7 25 200 3 0 0
1 135 78 3 90 900 1 9 1 1
1 137 77 7 45 600 1 6 1 1
1 101 88 2 75 450 1 4 1 1
1 143 57 7 90 650 1 6 1 1
1 163 79 1 80 550 1 5 1 1
1 173 87 8 85 800 1 7 1 1
1 98 91 8 90 900 3 10 1 1
1 78 44. 4 90 900 3 9 1 1
1 118 83 3 80 950 1 9 1 1
2 29 2 2 8 15 300' 3 0 0
2 52 32 2 5 350 3 0 0
1 63 68 6 75 600 1 6 1 1
2 16 9 8 10 500 1 0 0
2 28 71 4 90 550 1 6 1 1
1 33 12 3 70 900 1 9 1 1
1 61 87 4 90 850 1 9 1 1
2 12 85 3 90 750 1 7 1 1
1 46 90 3 90 600 4 6 3 1
1 92 85 3 801100 1 12 1 1
2 6 07 1 51000 1 0 0 2
2 23 12 8 51000 1 0 0 2
2 17 28 2 51000 1 .0 0 2
n 
n
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STA FETCH BEACH/ BAR
A B C DIR ANG SLO SHA NO SHA PRES
46 2 136 12 1 510 0 0 1 0 0 2
47 1 175 85 8 4 5 1 5 0 0 1 16 1 1
48 1 157 90 3 2 0 1 0 0 0 4 11 3 1
49 2 50 51 8 520 0 0 1 0 0 2
50 2 28 31 3 1 0 2000 4 0 0 2
51 2 100 25 3 '5 1 5 0 0 4 0 0 2
52 1 147 90, 3 8 5 2 3 0 0 1 20 1 1
53 1 176 90 2 6 0 1 8 0 0 1 15 1 1
54 2 8 10 3 510 0 0 4 0 0 2
55 2 8 5 2 5 1 0 0 0 4 0 0 2
56 1 170 90 8 7 5 1 3 0 0 1 12 1 1
57 1 144 73 1 8 0 1 1 0 0 1 10 1 1
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M U L T I P L E  R E G R E S S I O N  B R S T
s e l e c t i o n .... 1
T A B L E  OF R E S I D U A L S
! NO. Y V A L U E Y CblI M A T E RES I D UA L
I 5.00000 6.50597 - 1.5u 59 7
2 2.00000 3.28095 -1.28095
3 9.00000 8.34884 0.651 16
A 6.00CC0 5. 1 2382 0.87618
5 8.00000 / . 8 8 8 1 2 0. 11188
6 8.00000 7.42740 0.57260
7 5.C00C0 6.04525 -1.04525
8 12.00000 1 1 .57366 0.426 14
9 7.OOCOO . 5 4884 - 1 . 34884
10 12.00000 10.65242 I.34758
11 11.00000 9.73099 1.26901
L 2 6 . COOOO 6 . 9 6 6 6 9 -0.96669
I 3 12.00000 10.65242 1. 34 f58
14 6.00000 6.04525 -0.04525
15 1 A.00000 12.49529 1.50471
16 9 .COOOO 9 . I 3 09 9 -0.73099
I 1 9.CCOOO <j. 8 0955 0.19045
18 6.00000 " 6.04525 -0.04525
19 9.00000 8.80955 0. 19045
20 6.OOCOO 6.04 52 5 -0.04525
21 A.COCOO 4.66310 -0.66 3 10
22 6 . COOOO 6.50597 -0.50597
23 5.00000 5.58453 -0.58453
2 A 7.COOOO 7.88612 -0.888 12
25 10.COOOO 6.80955 1 . 19045
26 9.00000 8.809 9 5 0. 19045
27 9.00000 9.27027 -0.27027
28 6. CCOOO 6.04525 -0.04525
29 6. OOCCO .>. 5845 3 0.41547
30 9.00000 8.80995 0. 19045
31 9.00000 8•34884 0 . 6 5 U 6
32 7.CCOOO /.42 140 -0.42 J40
3 3 6.00000 6.04525 -C.04525
3 A 12.00000 10.65242 I . 34758
35 16.OOCOO 14.33816 1.66184
3 6 1 1 . 0 0 0 0 0 9.73099 1.26901
37 20.00000 2 1.70961 -1.70961
38 15.00000 17.10243 -2.10243
39 12.00000 12.49529 -0.49529
A O 1 0 . 0 0 0 0 0 10.65242 -0.65242
Symbols used in  r e g re s s io n  a n a ly s is
V ariab le  No. V a ria b le  Symbol
1 F e tch  le n g th  L
2 F e tch  w id th  W
3 F e tch  a n g le  A
4 Beach d i r e c t io n  D
3 Angle to  maximum f e tc h  Am
6 Bottom s lo p e  S^
7 Beach shape
8 Number o f  b a rs  N
9 Bar shape Shb
10 P resence  o f b a rs  P
P r e d ic to r  e q u a tio n s  developed  from re g re s s io n  a n a ly s i s t
I .  To d e term ine  b a r p resen ce  -  P ■ ^ ( Am» L* A* *0 
P -  1.38949 -  (5 .8 9 x l0 * 3 )A1| ♦  (3.7598x10 )L
-(3 .4 3 x 1  O*3 )A -  (3 .0x10  )W
I I .  To d e term in e  b a r  number -  N ■ f ( S ^ ,  A^, W)
H -  1148813 + (9 .1 9 x10*3 )S 1 -  (1 .137x10"2 ) ^
...............- 4 . . .
APPENDIX B
Bristol bubbler-type liquid level gauge used as wave-tide gauge*
Oil bath 4/5 full to reduce air cushion
Regulator
Air supply
Neoprene vacuum hose
Pen
Double bellows 
for increased 
sensitivity
Iron
pipe
48
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APPENDIX C
Stove P o in t wave and c u r r e n t  d a ta*
C u rren t
18V67
19V67
20V67
21V67
Time Speed(kn) D ire c t io n (° ) Wave H t. ( f t )
1400 0.11 270 0.3
1600 0 .2 5 0 0 .5
1800 0 .2 0 0 0 .4
2000 0 .27 0 0 .6
2200 0 .3 5 0 0 .7
0000 0 .3 0 0 0 .6
0200 0 .24 0 0 .5
0400 0 .17 0 0.3
0600 0 .17 0 0 .4
0800 0 .2 0 0 0 .6
1000 0 .1 8 0 0 .6
1200 0.23 0 0 .5
1400 0.31 0 0 .5
1600 0 .2 4 0 0 .4
1800 0.23 0 0 .4
2000 0 .2 0 0 0 .4
2200 0.13 0 0.3
0000 0 .28 0 0 .8
0200 0.17 0 0 .5
0400 0 .15 0 0 .3
0600 0 .08 0 0 .2
0800 0 .1 0 0 0.2
1000 0 .06 0 0.2
1200 0.07 0 0.2
1400 0 .06 0 0 .0
1600 0 .17 260 0 .2
1800 0.07 260 0.2
2000 0 .05 300 0 .2
2200 0.03 325 0.1
0000 0.03 270 0.1
0200 0 .16 220 0 .3
0400 0.37 . . . 0 .8
0600 0.52 . . . 1 .7
0800 0*55 . . . 2 .3
1000 0 .3 5 . . . 1.1
1200 0 .2 0 m m m 0 .5
1400 0*38 eee 0*7
1600 0*40 m m m 0*8
in d ic a te s  vane a f f e c te d  by wave a c tio n *
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Date
21V67
22V67
23V67
24V67
25V67
C urren t
Time Speed (len) D ire c t Ion ( ° ) Wave H t. ( f t )
1800 0 .2 0 270 0 .4
2000 0 .1 0 270 0.3
2200 0 .1 0 270 0 .3
0000 0 .1 5 270 0 .4
0200 0.33 0 .8
0400 0.44 m  m  mm 0 .9
0600 0 .35 mm m m 0 .8
0800 0.32 . . . 1 .5
1000 0.37 . . . 1.3
1200 0 .25 m m m 0 .9
1400 0.25 . . . 0 .7
1600 0.22 m m m 0 .6
1800 0 .26 m m m 0 .6
2000 0.32 m m m 1 .7
2200 0 .24 m m m 1 .5
0000 0 .28 m m m 2 .2
0200 0 .2 6 m m m 1 .5
0400 0 .2 0 m m m 1.2
0600 0 .28 m m m 1 .6
0800 0 .3 0 m m m 2 .2
1000 0 .25 m m m 2 .5
1200 0 .27 . . . 2 .5
1400 0 .3 0 m m m 2 .1
1600 0 .35 m m m 2 .6
1800 0.42 m m m 2 .9
2000 0 .45 m m m 3 .3
2200 0 .35 m m m 3 .2
0000 0 .37 m m m 2 .1
0200 0 .26 m m m 2 .3
0400 0 .26 . . . 1 .9
0600 0 .26 . . . 1 .6
0800 0 .3 0 m m m 2 .0
1000 0 .4 0 . . . 3 .4
1200 0 .4 0 m m m 2 .5
1400 0 .3 0 . . . 1 .8
1600 0 .3 8 . . . 1 .6
1800 0 .38 . . . 1 .6
2000 0 .4 0 . . . 2 .2
2200 0 .45 . . . 2 .2
0000 0 .3 0 . . . 1 .8
0200 0.22 . . . 1 .0
0400 0.22 1 .5
0600 0 .2 0 . . . 1.3
0800 0 .2 0 . . . 1.2
1000 0 .2 0 . . . 1.1
1200 0 .2 0 . . . 1.2
1400 0 .15 m m m 0 .8
1600 0 .1 0 m  m m 0 .5
1800 0 .1 0 m m m 0 .4
2000 0 .1 0 m  m m 0 .4
2200 0 .0 8 m m m 0 .4
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C urren t
Date 
26V67
27V67
Time Speed(kn) D ire c t Io n (° ) Wave
0000 0*05 0 0.3
0200 0 .07 0 0 .3
0400 0 .05 300 0.2
0600 0 .0 8 270 0 .4
0800 0 .1 0 200 0 .5
1000 0 .1 0 200 0 .6
1200 0.12 200 0 .6
1400 0.12 m m m 1 .0
1600 0.13 m m m 0 .6
1800 0.12 200 0 .5
2000 0 .0 5 200 0.1
2200 0 .0 5 200 0 .2
0000 0 .0 5 200 0 .9
0200 0 .12 0 0 .8
0400 0 .1 0 0 0 .6
0600 0 .0 6 270 0 .2
0800 0 .0 4 220 0 .0
.  ( f t )
APPENDIX D
Phi S ize D is t r ib u t io n  M easures f o r  S e le c te d  Cores Taken on T ran se c t B. 
M easuresx
M J f m Phi median d ia m e te r
Mq . t  4,t Jti. - Phi mean d iam e te r
- Phi d e v ia t io n  measure
m Phi skew ness measure
Samples o b ta in e d  b e fo re  s to rm
L o c a tio n
4 * M j
Beach 1.27 1.74 2 .2 0 1.71 0 .49 -0 .0 6
C re s t 75 f t . 1 .62 2 .0 6 2 .4 0 2.01 0 .39 -0 .1 2
Trough 250 f t . 1 .40 1 .9 0 2 .3 5 1 .88 0 .48 -0 .0 4
Trough 350 f t . 1 .28 1.73 2 .2 0 1.74 0 .46 ■*■0.02
C re s t 400 f t . 1 .56 2 .0 8 2 .43 2 .0 0 0 .44 -0 .1 8
Samples o b ta in e d a f t e r  sto rm
L o c a tio n Af,
Beach 1 .25 1.72 2 .1 6 1.71 0 .46 -0 .0 2
C re s t 75 f t . 1 .6 0 2 .0 4 2 .3 8 1 .99 0 .39 -0 .1 2
C re s t 175 f t . 1.72 2 .0 6 2 .4 5 2 .0 9 0.37 +0.08
Trough 250 f t . 1 .3 0 2 .0 0 2 .53 1.92 0.62 -0 .1 2
C re s t 300 f t . 1 .57 2 .0 5 2 .4 5 2.01 0.44 -0 .0 9
Trough 350 f t . 1 .0 0 1.87 2 .4 7 1 .74 0.74 -0 .1 7
Near s lo p e  400 f t 1 .67 2 .1 0 2 .4 4 2 .1 0 0 .39 0 .0 0
C re s t 400 f t . 1 .6 0 2 .12 2 .4 3 2 .02 0.42 -0 .2 3
F ar s lo p e  400 f t . 1.71 2 .1 0 2 .4 5 2 .0 8 0 .37 -0 .0 5
Trough 500 f t . 1 .34 1 .87 2.31 1.83 0 .4 9 -0 .0 8
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